Probing the structure of human protein disulfide isomerase by chemical cross-linking combined with mass spectrometry.
Protein disulfide-isomerase (PDI) is a four-domain flexible protein that catalyzes the formation of disulfide bonds in the endoplasmic reticulum. Here we have analyzed native PDI purified from human placenta by chemical cross-linking followed by mass spectrometry (CXMS). In addition to PDI the sample contained soluble calnexin and ERp72. Extensive cross-linking was observed within the PDI molecule, both intra- and inter-domain, as well as between the different components in the mixture. The high sensitivity of the analysis in the current experiments, combined with a likely promiscuous interaction pattern of the involved proteins, revealed relatively densely populated cross-link heat maps. The established X-ray structure of the monomeric PDI could be confirmed; however, the dimer as presented in the existing models does not seem to be prevalent in solution as modeling on the observed cross-links revealed new models of dimeric PDI. The observed inter-protein cross-links confirmed the existence of a peptide binding area on calnexin that binds strongly both PDI and ERp72. On the other hand, interaction sites on PDI and ERp72 could not be uniquely identified, indicating a more non-specific interaction pattern. The present work demonstrates the use of chemical cross-linking and mass spectrometry (CXMS) for the determination of a solution structure of natural human PDI and its interaction with the chaperones ERp72 and calnexin. The data shows that the dimeric structure of PDI may be more diverse than indicated by present models. We further observe that the temperature influences the cross-linking pattern of PDI, but this does not influence the overall folding pattern of the molecule.